Background and Objective: Chronic obstructive pulmonary disease (COPD) is characterized by progressive airflow limitation that is associated with an abnormal inflammatory response of the lung to noxious particles or gases. Cigarette smoking is the major risk factor for the development of COPD. This study evaluated the levels of cyclophilin B in sputa from patients with COPD and COPD with acute exacerbation (AECOPD). Materials and Methods: Two-dimensional electrophoresis was used for differential display proteomics. Western blotting was used to identify and quantify cyclophilin B in sputum from subjects with AECOPD and COPD. Results: Forty-nine protein spots differed in relative intensity between the AECOPD (n = 6) and COPD (n = 6) subjects. Twenty proteins showed increased expression in the sputum of AECOPD subjects, and 29 proteins were present at lower levels in AECOPD sputum compared with COPD sputum. One of these proteins was associated with cyclophilin B. Cyclophilin B concentrations were lower in sputum from subjects with COPD (n = 4) versus AECOPD (n = 4). Conclusion: The sputum proteomic analysis suggests that changes in various proteins are associated with the development of AECOPD.
Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by slowly progressive airway limitation due to abnormal pulmonary inflammatory reactions [1] . The incidence of COPD has been increasing in recent decades, and it is projected to rank third as the cause of death by 2020 [2] . Of the Korean population older than 45 years, 17.2% have airway obstruction in which the forced expiratory volume in one second (FEV 1 )/forced vital capacity (FVC) ratio is <0.7, emphasizing the clinical implications of COPD [3] . A cross-sectional study reported that the mortality rate increased to 2.5% in COPD patients with acute exacerbation (AECOPD) [4] , and acute exacerbation can reduce the long-term survival of patients with COPD [5, 6] .
Therefore, it is important to identify a marker of AE-COPD in order to detect and treat exacerbations early.
Markers such as serum surfactant protein D have been evaluated in patients with AECOPD, but no one marker can distinguish between COPD and AECOPD [7, 8] . The identification of respiratory disease-specific proteins in the airway and alveolar lining fluids will help to improve the early detection, prognosis, and treatment of these diseases. Therefore, large-scale, high-throughput, wholeproteome studies of bronchoalveolar lavage (BAL) fluids using two-dimensional electrophoresis (2DE) and matrix-assisted laser desorption/ionization time-of-flight (MALDI-ToF) mass spectroscopy (MS) have been conducted to determine the proteomic contribution to asthma and idiopathic pulmonary fibrosis [9, 10] .
Materials and Methods

Patients and Sputum Collection
Six patients with AECOPD were enrolled in this study. The diagnostic criteria for COPD were as follows: 1) post-bronchodilator FEV 1 /FVC ratio <70% [1] ; 2) smok-ing for more than 10 pack-years; and 3) no abnormal findings of obstructive airway disease such as advanced inactive tuberculosis or severe bronchiectasis on chest X-rays. A bronchodilator test was performed before and 6 weeks after an acute exacerbation. AECOPD was defined as an event in the natural course of the disease characterized by a change in the patient's baseline dyspnea, cough, or sputum that was beyond the normal day-to-day variation, was acute in onset, and warranted a change in regular medication in a patient with underlying COPD [1] . Sputum was collected on the first day of an acute exacerbation and 6 -7 weeks after the acute exacerbation. The patients' clinical characteristics are summarized in Table 1 .
The study was approved by the ethics committee, and all subjects provided informed consent.
Sputum Preparation
All visibly more-solid portions of the sputum were selected carefully and placed in a preweighed Eppendorf tube, to which four volumes of 0.1% dithiothreitol (Sputolysin; Calbiochem, San Diego, CA, USA) was added. One volume of protease inhibitors (0.1 M EDTA and 2 mg/ml phenylmethylsulfonyl fluoride) was added to 100 volumes of the homogenized sputum, and the total cell count was determined with a hemocytometer. The homogenized sputum was spun in a cytocentrifuge, and 500 cells were examined on each sputum slide stained with Diff-Quik solution (American Scientific Products, Chicago, IL, USA). The homogenized sputum sample was centrifuged at 1000 × g for 5 min, and the supernatant was collected and stored at -70˚C for subsequent analysis. Bacterial cultures and tests to detect rhinoviruses were performed in cases of exacerbated COPD. A pharyngeal swab was obtained and inoculated onto cell monolayers to isolate influenza A and B; parainfluenza 1, 2, and 3; adenovirus; and respiratory syncytial virus. Human rhinoviruses were detected using reverse transcriptase-polymerase chain reaction with rhinovirus-specific primers.
Sample Preparation, Two-Dimensional Electrophoresis, and Image Analysis
Sputum samples containing 200 μg of protein from each patient were pooled for the two-dimensional analysis. One milligram of protein from the pooled sputum was precipitated with 10% trichloroacetic acid in acetone and resuspended in the sample solution. Immobiline Dry Strips (Amersham Biosciences) were used for isoelectric focusing (IEF), which was performed with 1 mg of the extracted protein on a Multiphor II™ electrophoresis system (GE Healthcare). After IEF separation, the proteins were separated in the second dimension by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). For image analysis, the gels were visualized with Coomassie Brilliant Blue G-250 according to the manufacturer's instructions. The 2D gels were scanned by an ImageScanner (Bio-Rad) in transmission mode. Spot detection and matching were performed using ImageMaster 2D version 5.0 (Amersham Biosciences). Digitized images were analyzed using the program ImageMaster to calculate each 2D spot intensity by integrating the optical density over the spot area (the spot "volume"), followed by normalization [11] . 
Protein Identification by Nano-LC-MS/MS and Database Searching
Differentially expressed protein spots were excised from the 2D gels, cut into smaller pieces, and digested with trypsin (Promega), as described previously [12] . All LC-MS/MS experiments were performed using Agilent Nanoflow Proteomics Solution with an Agilent 1100 Series nano-LC system. For MS/MS, this was coupled through an orthogonal nanospray ion source to an Agilent 1100 Series LC/MSD Trap XCT ion trap mass spectrometer. The nano-LC system was operated in sample enrichment/desalting mode with a Zorbax 300SB-C18 enrichment column (0.3 × 50 mm, 5 μm). Chromatography was performed using a Zorbax 300SB-C18 (75 μm × 150 mm) nanocolumn. The column was eluted with a gradient beginning with isocratic application of 3% solvent B (0.1% formic acid in acetonitrile) and 97% solvent A (0.1% formic acid in water) for 5 min and changing to 10% B over 5 min (from 5 to 10 min), to 45% B over 40 min (10 -50 min), to 90% B (isocratic) for 5 min (55 -60 min), and to 3% B over 1 min (60 -61 min). Finally, the column was washed with 3% B for 10 min.
The LC/MSD Trap XCT was operated in unique peptide scan Auto-MS/MS mode. The ionization mode was positive nanoelectrospray with an Agilent orthogonal source. The drying gas flowed at 5 L/min at a temperature of 300˚C. V cap was typically 1800 -1900 V with skim 1 at 30 V, and the capillary exit was offset at 75 V. The trap drive was set at 85 V with averages of one or two. The ion charge control was on with a maximum accumulation time of 150 ms, the smart target was 125,000, and the MS scan range was 300 -2200. Automatic MS/MS was performed in ultrascan mode with the number of parents at 2, averages of two fragmentation amplitude of 1.15 V, SmartFrag on (30% -200%), active exclusion on (after-two spectra for 1 min), prefer +2 on, MS/MS scan range of 100 -1800, and ultrascan on. Each acquired MS/MS spectrum was searched against the non-redundant protein sequence database using Spectrum Mill software [12] .
Detecting Cyclophilin B in Sputum by
Western Blotting
First, 200 μg of protein were electrophoresed in a 15% polyacrylamide gel with a discontinuous system. The proteins were transferred to a nitrocellulose membrane at 120 V for 40 min. The membrane was blocked with 5% skim milk and 0.1% NP40 in Tris-buffered saline for 2 h at room temperature, and incubated overnight with a 1:500 dilution of rabbit polyclonal antibody against cyclophilin B at 4˚C. The membrane was incubated with horseradish peroxidase (HRP)-conjugated anti-rabbit IgG (1:5000 dilution) for 1 h at room temperature. The target protein was detected using enhanced chemiluminescence solution (Amersham Pharmacia Biotech, Little Chalfont, Buckinghamshire, England).
Results
Two-Dimensional Electrophoresis and Protein Analysis
Moderate differences were observed in the sputum protein profiles between patients with COPD and AECOPD (Figure 1 ). There were no increases in low-molecularweight proteins in sputum from patients with AECOPD, suggesting there were no factors enhancing the proteolytic degradation of sputum in patients with AECOPD. Forty-nine spots with expression differences greater than two-fold between sputum from patients with COPD and AECOPD were selected for analysis ( Table 2) . Using LC/MSD Trap XCT MS after tryptic digestion, we shown). This suggests that calpains are not important in exacerbation of COPD. The 70-kDa HSP was increased in patients with AECOPD. This can be explained by stress and inflammation in the lung caused by infection during AECOPD [16] . The 70-kDa HSP protein is likely an end product of AECOPD.
identified 15 proteins with increased expression in patients with AECOPD and 21 proteins with increased expression in patients with COPD. Calpain-like protease (CAPN10b), cyclophilin B, Rab GDP dissociation inhibitor, and 70-kDa heat-shock protein (HSP) were increased in sputum from patients with AECOPD compared with COPD. By contrast, lactoferrin, DIP2B, proapolipoprotein, and actin binding protein were increased in patients with COPD compared with AECOPD.
The majority of cells in sputum during the acute exacerbations were neutrophils, with a mean differential of 91%. Neutrophils decreased to 65% by 6 weeks after the acute exacerbation, suggesting that the proteomic differences seen in the present study depend on neutrophil proteins. However, the proteomic differences between an acute exacerbation and stable COPD seen in this study do not seem to depend on neutrophil proteins because the identified proteins were completely different from those seen in a proteomic study using whole human neutrophils [17, 18] . The proteomic differences identified in our study should be compared with the proteomic differences between "activated" and "stable" neutrophils to determine whether activated neutrophils are a major determinant of our findings. Avram et al. [19] showed that lactoferrin and vimentin are major tyrosyl proteins in neutrophils activated by phorbol myristate acetate or tissue necrosis factor-α (TNF-α). Therefore, we postulate that our results are related to proteins other than those produced by activated neutrophils.
Western Blotting for Cyclophilin B in Sputum
To investigate whether cyclophilin B expression was altered in sputum (Figure 2) , we performed Western blot analysis of sputum obtained from similar subjects with AECOPD (n = 4) and COPD (n = 4) using an antibody specific for cyclophilin B. All patients with AECOPD expressed the protein in sputum, while the protein was not expressed in sputum from patients with COPD.
Discussion
In this study, we identified inflammation-related proteins that were increased in sputum from patients with AE-COPD. Although the roles of these proteins are unknown, their possible use as biomarkers of AECOPD deserves study.
One limitation of our study is the cause of AECOPD. In this study, the most common cause of AECOPD was infection [1] . The proteomic results may reflect differences between infected and non-infected lung. Second, we could not verify the transcription or translation of the identified proteins in lung tissues because we could not obtain lung tissue samples from the patients with AE-COPD. Third, pooled sputum, not individual sputum samples, was used for the proteomics study because individual samples do not contain sufficient protein. This made it difficult to interpret differences in protein expression between patients with COPD and AECOPD. If a specific protein were significantly increased in a single patient with AECOPD, this protein may not also be elevated in the pooled sample.
Cyclophilin B is a cyclosporine-binding protein expressed mainly within the endoplasmic reticulum. Cyclophilin B also binds to lymphocytes [13] and may regulate cyclosporine-mediated immunosuppression. We could not identify the mechanism underlying the increased level of cyclophilin B in patients with AECOPD. Therefore, cyclophilin B may be involved in the development of AECOPD or may be an end product. Similar to Creactive protein, an inflammatory marker in COPD [14] , cyclophilin B may be a marker of inflammation in patients with AECOPD. An elevated cyclophilin B level in AECOPD was verified by Western blot analysis of sputum.
In conclusion, the proteomic analysis of sputum suggests that changes in the expression of various proteins are associated with the development of AECOPD.
Calpains are calcium-regulated proteases involved in cellular functions, including muscle proteolysis in cytoskeletal remodeling and signal transduction [15] . The calpain protein level on Western blots did not differ between patients with AECOPD and COPD (data not
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